Pharmacoepidemiology 

Principles 

OBSERVATIONAL STUDY DESIGNS 
Case control - Cohort 

1- Case control (Retrospective study} 

Design Does Not Involve Investigator Intervention, 
Only Observation. It is essential to remember that 
observational study designs investigate associations— 
not, in most cases, causes. 

Case-Control Study: Study Exposure in Those with 
and without the Outcome of Interest. 

Design where people diagnosed to have disease (cases) 
compared with people do not have disease (control) to 
determine if 2 groups differ in proportion of people 
exposed to risk factor causing the disease. 



1- Define and select case group 

2- Define and select control group (matched group 
of people without disease) 

3- Compare between 2 groups (risk factors) & then 
analyze data 


Classify an^ompare ^ — Begin 


Begin 



Figure 2. Case-control study design. 


Determine the association between exposures/risk 
factors and disease/condition. Classic example: 

Aspirin use and Reye syndrome. 

Study exposures in rare diseases or diseases that take 
long periods to develop 













Critical assumptions to minimize bias 

a. Cases are selected to be representative of those who 
have the disease. 

b. Controls are representative of the general population 
that does not have the disease and are as identical as 
possible to the cases, minus the presence of the disease. 

c. Information is collected from cases and controls in the 
same way. 


Measure of association : OR (odds ratio): In some cases, 
this can be an estimate of the relative risk/risk ratio 
(RR). The OR is interpreted as the odds of exposure to a 
factor in those with a condition or disease compared with 
those who do not have the condition or disease. 
Interpretation of these concepts will be presented below. 

Odd of the disease = the ratio of the probability that a 
disease will occur to the probability that the disease will 
not occur. 


Will occur : will not occur 



Table 3. Contingency Table for Estimating RR and OR 



Disease? 

Yes 

No 

Exposure? 

Yes 

A 

B 

No 

C 

D 


a. RR = 


A/(A+B) 

C/(C+D) 


A_ 

b. OR = or = (A x D)/(B x C) 

B 

~D 


Probability that a case has been exposed (P) = a/(a+c) 
Odd of exposure among cases = a/c 
Odd of exposure among control = b/d 

SO, odd ratio = 

Odds of being exposed among cases 


Odds of being exposed among control 
a/c 


b/d 











Interpretation of odd ratio 

OR = 1 mean that exposure is not associated with outcome. 
OR > 1 mean that increased exposure will increase outcome 


OR< 1 mean that increased exposure will decrease outcome 


Advantages 

Inexpensive and can be conducted quickly, 
easy, allow get data of rare disease, allow 
study of more than one risk factor 

Allows investigation of several possible 
exposures or associations 


Disadvantages 

Observational and recall bias: Looking back to 
recall exposures and their possible levels of 
exposure. 

Selection bias: Case selection and control 
matching are difficult 



2- Cohort study (Observational ) 

COHORT = group having common 
characteristic followed during a period for one or 
more outcome. 

1- Begin with group of people (a cohort) initially free 
of outcome of interest (disease or ADR,...) & 
classified according to given exposure (exposed & 
non exposed) 

2- Both groups followed up for a given period. 

3- Non-exposed group used to accept or reject 
hypothesis 

4- Then researcher compare development of changes 
between 2 groups 

According to time frame of cohort study 

1- Retrospective 

2- Prospective 



Retrospective 

Determines the association between exposures/factors and 
disease/condition development. 

Describes the incidence or natural history of a 
disease/condition and measures it in time sequence. 


Retrospective (historical): Begins and ends in the present 
but involves a major backward look to collect information 
about events that occurred in the past, so depend on 
availability of records. 


Measure Outcomes 



Figure 3. ‘'Retrospective" (historical) cohort study design. 






















Advantages : Less 
expensive and time- 
consuming; no loss to 
follow-up, ability to 
investigate issues not 
amenable to a clinical 
trial or ethical or 
safety issues 



Disadvantages : 

Only as good as 
the data available, 
difficulty on 
finding past 
records, recall 
bias 


W 














Cohort study (Protective} 

Prospective or longitudinal: Begin in the present and 
progress forward, collecting data from subjects 

whose outcomes lie in the futUVC 


Measure Outcomes 

Begin Measure/Classify and Compare 

_± _ ± ± 


Population 



Subjects have Outcome 
(EXCLUDED) 


Figure 4. Prospective cohort study design. 


















Measure of_ association ■. RR The risk of an 

event or development of a condition relative to exposure; the 
risk of someone developing a condition when exposed 
compared with someone who has not been exposed. 

Basic analysis of cohort studies = relative risk RR, incidence 

rate ratio. 


Relative risk = measure of association between incidence of 
disease & certain exposure,,,, 

SO RR answer the question of: 

How many times exposed person is at risk of developing 
outcome compared with non exposed. 


Table 3. Contingency Table for Estimating RR and OR 



Disease? 

Yes 

No 

Exposure? 

Yes 

A 

B 

No 

C 

D 


a. RR = 


A/(A+B) 

C/(C+D) 


A_ 

b. OR = -^- or = (A x D) (B x C) 
B 

~D 













Risk among exposed (incidence in exposed) = (a/a+b) 
Risk among non exposed (incidence in non exposed) = (c/c+d) 
Relative risk RR = (a/a+b) / (c/c+d) 


Table 4. Contingency Table 



Disease? 

Hemorrhagic Stroke in Women 

Yes 

No 

Exposure? 

Appetite suppression use 

Yes 

6 

1 

No 

377 

749 


Interpretation of RR: 

RR = 1 mean that NO association between exposure & 
outcome 

RR > 1 mean that positive association (increased risk) 
exposed group has higher incidence than non-exposed group 

RR < 1 mean that negative association, non exposed has 
higher incidence. 









rs 


Incidence 


(New cases) 


Measure of the probability of developing a disease. 

Incidence rate: Number of new cases of disease per population in a 
specified time. 



Calculated by dividing the number of individuals who develop a disease 
during a given period by the number of individuals who were at risk of 
developing a disease during the same period. 


J 
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Prevalence 
(All cases) 

Measure of the number of individuals who have a condition/disease at any 
given time. 

Point prevalence: Prevalence on a given date. 

Period prevalence: Prevalence in a period (e.g., year, month) 


l 


J 














DESCRIPTIVE STUDY DESIGN 


Descriptive studies are mainly concerned with describing 
the health status of population (i.e. extent of disease & 
exposure among subpopulations, times and places) 


SO used in planning health service delivery. 


They have limited role in establishing causation and 

identifying and evaluating preventive & therapeutic 

interventions . 


Case series / case reports / cross- 

sectional / ecological studies 







CASE REPORTS/CASE SERIES 


Document and Describe Experiences, Novel Treatments, and 
Unusual Events. 

Allows hypothesis generation (not testing i.e causation or 
association) that can be tested with other study designs. 

Possible adverse drug reactions in one or more patients: 
Example: QT-interval prolongation associated with 

fluoroquinolone antibiotics 

Case report: One patient 

Case series: More than one patient with a similar experience 
or many case reports combined into a descriptive review. 

Reports should provide sufficient detail to allow readers to 
recognize same/similar cases at their center/ practice. 

Case series is the most basic of descriptive study and commonly 
found in medical literature. 

Case series commonly used to document unusual or new 
symptoms/syndromes/diseases. 

Advantages: Hypotheses are formed, which may be the first 
step in describing an important clinical problem. Easy to 
perform and inexpensive. 


Disadvantages: Does not provide explanation and does not 
establish causality or association, also no comparison group. 

Case series results or conclusion cannot be generalized so no 
external validity, because case series is highly selected cases. 


Case series may be qualitative study to one case report, to 
experience of single patient or small group of patients with 
similar diagnosis, so cannot be used to make interference about 
the general population in statistics. 


Case series descriptive study can be prospective study with 
case & control depending on time to evaluate disease ( self 
controlled case control study) 

Divide individual patient follow up time into exposed period 

and unexposed period and compare incidence rate of given 

outcome between exposed and unexposed period 


AS in study of ADR in vaccination 

Jxjj (unexposed) jl Jilall 

qjaI qa aa^i & gc-fcmt (exposed) 

LaLoj 










ECOLOGICAL STUDY 


An ecological study is the study in which 
the unit of analysis is the population not 
individuals 

Level of association between exposure and 
outcome assessed by comparing level in 
different populations such as different 
countries - regions - ethnic groups 

OR over time such as does the incidence of 
lung cancer change as the proportion of 
smoking increase or decrease?? 

Ecological study use information from routine 
data sources or from cross sectional studies 
because it is not practical to use. 

jl JljSl (jA ujULu <Ujliu yl C 4_aili UA 

ylt <Li2IjC ulXAAJ jl Jjlalia j) J Xui (JA (jiSJ 

(jfr ajbfr ilia (jjSjA <Uul£)l fjjxAA jjIuia 


black & whites <> && jA 2 A.ljj 

£^*JI yi Angiotensin receptor blockers ARB 

AjjliLa 9 JljSl AJjULa (Jjla 4-uiljiJl 

6j%* population <Xs ^Ij^ <y» Jjjj 

‘Ulc jA 2 lh“jA tA* patient -11 

Aj«jaaj CiULu ^ifr X ajiuA CiLuitjjJt ^UJUj 

.JxAIL S J 


This type of study is very useful in studying 
etiological effects & generate hypothesis. 

This type of study is simple & cheap & depend 
on routine available information 

Disadvantages may be: 

Lack of some information 
Problem of making comparisons especially 
between different cross sectional studies used 
as a unit in stud because those cross sectional 
studies undergo different methodology. 


CROSS SECTIONAL STUDY 


Identify the prevalence or characteristics of a condition in a 
group of individuals. SO CALLED PREVALENCE STUDY. 


Used to estimate prevalence of risk factor or for particular 
disease or to estimate prevalence of disease itself. 


Designed to measure attribute of population at one point of 
time. 


Done by conducting survey of the population of interest at one 
point of time. 


These results can be compared with other surveys on the same 
population at other points of time to determine time trend 


OR with other population to determine geographical or other 
influences. 


Population-based, cross-sectional study: Prevalence of serious 
eye disease and visual impairment in a north London 
population. 


Cross-sectional analysis of data from a large cohort study: 
Maternal characteristics and migraine pharmacotherapy 
during pregnancy. 


Example: HEALTH SURVEY OF ENGLAND 
Done every year since 1995 till now under MOH of ENGLAND 
to provide government with objective measurement of the 
health of the population 




RANDOMIZED 

CONTROLLED TRIAL 

DESIGN 

(Causality not Association) 


Experimental or interventional, investigator makes intervention 
and evaluates cause and effect. 

Examine etiology, cause, efficacy, using comparative groups. 


Design allows assessment of causality. 

a. Sufficient cause 

b. Necessary cause 

c. Risk factor 


Treatment controls 

a. Placebo controlled 

b. Active controlled 

c. Historical control 








Minimizes bias through randomization and/or 

stratification 

a. Simple Randomization 

b. Block randomization 

c. Stratification 

d. Cluster randomization 


a. Simple Randomization 

Simple randomization is like flipping a coin, for example with 2 
treatment groups (control versus treatment), the side of the coin - 
control, and the other side - treatment. 


b. Block randomization 

Designed to randomize subjects into 2 groups that result in equal 
sample sizes - this method used to ensure balance in sample size 


c. Stratification 

Stratified method in randomization address the need to control 
and balance the influence of covariates 


d. Cluster randomization 

Group of subjects (as opposed to individual subjects) are 
randomized 




Blinding methods 

Single-blind - Double-blind - Triple-blind - Double-dummy - 
Open-label 


Single blind: Either subjects or investigators are unaware of 
subject assignment to active/control. 

Double blind: Both subjects and investigators are unaware of 
subject assignment to active/control. 

Triple-blind: Both subjects and investigators are unaware of 
subject assignment to active/control; in addition, an analysis 
group is unaware 

Double dummy: Two placebos necessary to match active and 
control therapies. 

Open-label: Everyone is aware of subject assignment to 
active/control. 


Factorial design: Designed to answer two separate research 

questions in a single group of subjects 

Examples 

a. Clinical trial: Comparison of two drugs, comparison of two 
behavioral modifications, etc. 

b. Educational intervention: Online course versus lecture class format 

c. Health care intervention: Pharmacist-based health care team 
versus non-pharmacist-based health care team 





B. Randomized Controlled Trial: Parallel Design 


Begin 


Randomize Measure Outcomes 

and Allocate and Compare 



Figure 5. Randomized controlled trial: parallel design. 















C. Randomized Controlled Trial: Crossover Design 


Begin Randomize Measure Outcomes and Compare 



Figure 6. Randomized controlled trial: crossover design. 


Crossover provides practical and statistical efficiency. 

Crossover is not appropriate for certain types of treatment questions (e.g., effect 
of treatment on a disease that worsens quickly over time or worsens during the 
study period). 

Not appropriate for: drug modifying release - drugs with long half life - diseases 
with self limited period. 
















Examples of Considerations for Controlled Trials 
Are the results of the study valid (methods)? 

a. Did the subjects undergo randomization, and what was the 
randomization technique? Did the randomization process result in 
equal baseline characteristics? 

b. Were all subjects who entered the trial accounted for? Was follow¬ 
up complete? If not, how many were lost to follow-up, from which 
groups did they leave, and why? 

c. Were subjects analyzed in the groups to which they were 
randomized? Was intention-to-treat, per-protocol, or actual treatment 
analysis used? 

d. How was blinding conducted (e.g., subject, investigator), if 
applicable? 

e. Were the inclusion and exclusion criteria appropriate, or were they 
too restrictive or inclusive? 

Were the groups similar at the start of the trial? 

f. Was the sample size sufficient, and was a power calculation 
included? 

g. Were the groups handled the same way, aside from the 
intervention(s)? 

h. Were the statistical tests appropriate and understandable? 

i. What was assessed: Surrogate markers or true outcomes? Were a 
priori subgroup analyses performed? 



What were the results? 


a. How large was the treatment effect? 

b. How precise was the effect (based on CIs significant)? 


c. Did the authors properly interpret the results? 

3. Can I apply the results of this study to my patient population? Will 
they help me care for my patients? 

a. Can the results of this study be applied to general practice? 

b. Was a representative population studied? Can I apply this to my 
setting? 


c. Do the patients I care for fulfill the enrollment criteria for this 
study? 

d. Do the patients I care for fulfill the subgroup criteria evaluated? 


e. Do the expected benefits outweigh the expected and/or 
unanticipated risks? 






